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Anterior　Tooth　Movement　and　Stability　in
Class　ICrowding　Patients　Treated　with　Preadjusted　Appliances
Hidefumi　ITO,　Kazuki　OuE,　Tatsuo　RYU　and　Toshihiko　HIMURO
　　　　The　purpose　of　this　study　was　to　determine　the　movement　 of　maxillary　and　 man-
dibular　anterior　teeth　before　and　after　treatment　of　Class　I　crowding　using　preadjusted
appliances(0.022"slot).
　　　　Thirty-six　patients(17.70±7.80　years)with　Class　I　crowding　who　attained　favor-
able　occlusion　after　treatment　were　divided　into　the　nonextraction　and　the　extraction
groups.　Lateral　cephalometric　radiographs　were　analyzed　before　treatment,　after　treat-
ment,　and　at　retention,　and　cast　models　were　analyzed　before　treatment.
　　　　In　the　extraction　group,　maxillary　and　mandibular　 incisors　moved　 posteriorly,
accompanied　by　lingual　tipping,　whereas　mandibular　central　incisors　demonstrated
appropriate　tooth　axes,　and　condylar　incisal　angle　approximated　90°.　In　the　nonextraction
group,　maxillary　central　incisors　moved　 anteriorly　without　changing　torque,　whereas
condylar　incisal　angle　decreased　due　to　labial　proclination　of　mandibular　incisors.　The
means　 width　of　all　the　teeth　from　the　incisor　to　the　second　molar,　the　arch-length
discrepancy,　and　the　irregularity　index　were　significantly　arger　in　the　extraction　group.
　　　　Class　I　crowding　treatment　with　preadjusted　appliances　demonstrated　favorable
occlusion　at　retention　in　both　groups,　although　there　were　intergroup　differences　in　the
movement　 of　maxillary　and　mandibular　central　incisors.　Thus,　different　reatment
strategies　hould　be　applied　from　case　to　case:extraction　treatment　is　effective　to
increase　the　torque　of　the　maxillary　central　incisor's　bracket　prescription,　whereas
stripping　of　the　mandibular　teeth　is　effective　in　nonextraction　treatment.
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preadjusted　appliance
ments　caused　by　contact　between　these　teeth.
Thus,　prescriptions　play　important　roles　in　oc-
clusion　after　orthodontic　treatment.
　　In　treatments　using　preadjusted　appliances,
alignment　movement　 of　anterior　teeth　varies
widely　with　degree　of　malocclusion,　treatment
procedures,　treatment　mechanics,　and　extrac-
INTRODUCTION
　　Built-in　prescriptions　of　preadjusted　appli-
antes　determine　the　positions　of　maxillary　and
mandibular　teeth　and　affect　anterior　guidance,
which　is　important　for　aesthetics1)after　o th-
odontic　treatment,　and　 shearing2～5)by　move-
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　 movement(treatment)of　molars.
(6)No　history　of　stripping.
(7)Use　of　a　removable　retainer.
(8)Retention　period　of　1　year　or　longer.
Study　materials　were　lateral　X-ray　cephalo-
grams　taken　before　treatment(T1),　after　treat-
ment(T2),　 and　 after　retention(1　year　after
starting　the　retention　period:T3),　as　well　as
dental-cast　models　taken　before　treatment.
Active　treatment　period　was　3.30±1.30　years
retention　period　was　1.10±.10　years.
　　Wraparound　 retainers　were　used　for　maxilla
at　retention.　Hawley-type　retainers　were　used
for　mandible.　These　devices　were　used　all　day
for　3　months　after　removal　of　preadjusted　appli-
ances.　Subsequently,　patients　were　instructed
to　use　retainers　for　as　many　 hours　as　possible
daily　for　at　least　1　year.
2.Analysis
1)Cephalometric　Analysis
　　Lateral　cephalograms　were　acquired　at　T1,
T2,　and　T3.　The　following　angular　and　linear
measurements　 were　obtained:U1-FH　 plane,
L1-mandibular　plane,　U1-APo　 plane,　L1-APo
plane,　overbite,　overjet,　SNA,　SNB,　facial　angle,
and　mandibular　plane　angle(Figure　1),　as　well
as　anterior　guidance　and　condylar　incisal　angles
(Figure　2).
2)Cast　Model　Analysis
　　Cast　models　of　21　patients(3　boys　and　 18
girls)from　the　extraction　group　and　10　patients
(3boys　 and　 7　girls)from　the　nonextraction
group　were　obtained　at　T1.　Mesiodistal　coronal
width　from　central　incisor　to　second　molar　in
the　maxilla　and　mandible　was　measured　thrice
using　digital　Vernier　calipers.　In　addition,　ir-
regularity　index8),　anterior　Bolton　ratio9),　and
overall　Bolton　ratio　were　calculated.
3)Statistical　analysis
　　For　intragroup　comparison　of　parameters,
one-way　 repeated-measures　analysis　of　vari-
ante(ANOVA)was　 performed,　followed　by　Dun-
tion/nonextraction　status.　Miyake　 et　al.6)re-
vealed　that　extraction　treatment　of　Class　I
crowding　using　preadjusted　appliances　leads　to
distal　movement　of　anterior　teeth　and　acumina-
tion　of　the　maxillary　dental　arch,　whereas　non-
extraction　treatment　causes　maxillary　and
mandibular　anterior　teeth　to　move　 anteriorly.
Under　similar　conditions,　Cho　et　al.7)reported
that　maxillary　anterior　teeth　inclined　lingually
while　also　extruding　and　moving　 posteriorly
and　laterally.
　　We　divided　patients　into　two　groups:extraction
or　nonextraction　treatment　for　Class　I　crowding
using　preadjusted　appliances.　We　compared　the
groups　to　assess　movement　 of　maxillary　and
mandibular　anterior　teeth　during　the　retention
period.
MATERIALS　AND　METHODS
1.Subjects　and　materials
　　This　study　included　36　patients　with　Angle
Class　I　malocclusion　who　were　treated　accord-
ing　to　a　protocol　with　preadjusted　appliances
(.022×.028inch　slot,　MBT　 set-up:U1,+17°;
L1,-6°)6),　could　be　followed　throughout　the　re-
tention　period,　and　achieved　good　occlusion.　We
selected　24　patients(3　boys,21　girls)with　mean
age　of　17.30±7.10　years　in　the　extraction　group,
and　12　patients(4　boys,8girls)with　mean　 age
of　18.40±9.40　years　in　the　nonextraction　group.
There　was　no　significant　intergroup　age　differ-
ence.
　　Subjects　had　to　meet　the　following　criteria
　　(1)Skeletal　Class　Iwith　Angle　Class　Imaloc-
elusion.
　　(2)Absence　of　abnormalities　in　tooth　crown
morphology.
　　(3)Absence　of　restoration　and　attrition　that
would　affect　measurements.
　　(4)Absence　of　temporomandibular　joint　ab-
normalities.
　　(5)No　history　of　lateral　expansion　or　distal
RESULTS
1.Cephalometric　Analysis
　　There　were　no　significant　i ergroup　orintra-
group　differences　in　any　skeletal　ordental　pa-
rameter(Table　1).
　　Regarding　maxillary　central　incisors,　in　the
extraction　group,　mean　U1-FH　plane　value　de-
creased　significantly,　from　116.19±5.27°at　T1
to　113.78±7.89°　 at　T2　(-2.40°,　P<.O1)　and
111.68±7.17°atT3(-4.51°,　P<.01).　In　the　non-
extraction　group,　no　significant　difference　in
this　value　was　observed　between　time　points.
Mean　U1-FH　plane　values　at　T2　and　T3　were
significantly　smaller　in　the　extraction　group(T2
:116.98±5.91°;T3:116.74±5.82°)　(both
P<.05).
　　Mean　U1-APO　value　in　the　extraction　group
decreased　significantly,　from　9.36±2.47　mm　 at
T1　to7.65±2.23　mmatT2(-1.71　mm,P<.01)
and　7.44±2.00　mm　at　T3(-1.92　mm,　P<.01).　On
the　other　hand,　in　the　nonextraction　group,
mean　U1-APo　plane　value　increased　signifi-
nett's　multiple　comparison.　Unpaired　t-tests
were　performed　for　intergroup　comparisons　at
T1,　T2,　and　T3,　and　for　intergroup　comparisons
of　coronal　width,　irregularity　index,　and　Bolton
analysis.　SPSS　 17.0J(SPSS　Inc.,　Tokyo,　Japan)
was　used　for　statistical　nalyses.
group(T2:9.37±1.65　mm;T3:9.48±1.76　mm;
P<.01 and　P<.05,　respectively).
　　Regarding　the　mandibular　central　incisors,　in
the　extraction　group,　mean　L1-mandibular
cantly,　from　7.72±1.91　mm　 at　T1　to　9.37±1.65
mm　 at　T2(+1.65　mm,　P<.O1)and　9.48±1.76　mm
at　T3(1.76　mm,　P<.01).　The　mean　values　at　T2
and　T3　were　significantly　smaller　in　the　extraction
at　T1　to　89.29±7.29°at T2(+3.83°,　P<.01)and
90.85±6.99° at　T3(5.38°,　P<.01).　In　the　nonex-
traction　group,　this　angle　was　90.10±6.88°at
T1,　decreasing　significantly　to　86.48±6.37°at
T2(-3.61°,　P<.05).　However,　no　significant　dif-
ference　in　this　angle　was　observed　between　T1
and　T3(86.57±5.68°).　Regarding　the　condylar
incisor　angle,　no　significant　difference　was　ob-
served　between　groups　at　any　time　point(T1,T2,
or T3).
2.Cast　Model　Analysis
　　Table　2　shows　the　mean　cast-model　measure-
ments　of　both　groups.　The　mesiodistal　coronal
widths　of　all　teeth　were　significantly　arger　in
the　extraction　group(P<.05).　Moreover,　the
maxillary　and　mandibular　arch-length　discrep-
ancies　were　significantly　greater(P<.01)in　the
extraction　group.　No　meaningful　differences　in
anterior　or　overall　Bolton　ratios　were　observed
between　groups.　However,　the　irregularity　index
was　significantly　higher　in　the　extraction　group
(P<.001).
DISCUSSION
　　Treatment　of　Class　I　crowding　using　a　pread-
justed　appliance　caused　no　skeletal　changes,
regardless　of　extraction/nonextraction　status.
However,　there　were　intergroup　differences　in
movements　 of　maxillary　and　mandibular　cen-
tral　incisors.
　　In　the　extraction　group,　U1-APO　 plane　val-
ues　revealed　that　maxillary　central　incisors
moved　1.71　mm　 posteriorly　at　T2.　At　T1　and　T3,
the　value　was　1.92　mm　 posterior.　U1-FH　 plane
values　showed　that　maxillary　central　incisors
were　slightly　inclined　lingually　at　T2.　At　T3,　the
value　decreased　further,　and　incisors　became
more　lingually　inclined.　Cho　et　al.7),　who　made
three-dimensional　measurements　 of　Class　I
malocclusion　with　dental-cast　models　based　on
an　MBT　 setup　in　patients　undergoing　extrac-
tion,　reported　that　maxillary　central　incisors
plane　 value　 decreased　 significantly,　from
94.21±9.57°atT1to92.89±6.81°atT2(-1.32°,
P<.01)and　89.78±8.86°at　T3(-4.44°,　P<.01).　In
the　nonextraction　group,　mean　L1-mandibular
plane　value　was　90.28±8.99°at　T1,96.06±5.92°
at　T2,　and　95.71±5.58°at　T3.　Although　mean
L1-mandibular　plane　value　increased　by　5.77°
(P<.05)between　T1　and　T2,　no　significant　differ-
ence　was　observed　between　T1　and　T3(P>.05).
Mean　 L1-mandibular　plane　values　at　T2　and
T3　were　significantly　arger　in　the　nonextrac-
tion　group(both　P<.01).
　　Mean　 L1-APO　 value　in　the　extraction　group
decreased　significantly,　from　5.68±2.28　mm　 at
T1　to　4.20±2.91　mm　 atT2(-1.48　 mm,　 P<.01)
and　3.84±1.87　mm　 at　T3(-1.84　mm,　P<.01).　In
the　nonextraction　group,　mean　 L1-APO　 plane
value　increased　significantly,　from　4.03±2.06
mmatT1　 to5.91±1.82mmatT2(+1.88mm,
P<.05)and　 5.90±1.67　mm　 at　T3(1.88　 mm,
P<.05).Mean　L1-APO　 plane　values　at　both　T2
and　T3　were　significantly　arger　in　the　nonex-
traction　group(both　P<.01).
　　Regarding　the　association　between　the　maxil-
lary　and　mandibular　central　incisors,　the　ex-
traction　group　exhibited　no　significant　differ-
ence　in　overbite　either　between　T1　and　T2 or
between　T1　and　T3.　In　the　nonextraction　group,
overbite　was　 3.16±1.04　mm　 at　T1,　which　de-
creased　significantly　to　2.03±0.58　mm　 at　T2
(-1.14mm,　P<.05).　However,　overbite　at　T3　de-
creased　by-0.78　mm,　not　significantly　different
from　T1.　Regarding　overjet,　no　significant　dif-
ference　was　revealed　by　any　intragroup　or　inter-
group　comparisons.
　　Regarding　the　U1-L1　to　FH　 plane,　no　signifi-
cant　difference　was　revealed　by　any　intragroup
comparison.　At　T2,　the　U1-L1　to　FH　plane　value
of　the　nonextraction　group(40.73±5.56°)was
significantly　smaller(43.16±11.71°;P<.05).
　　Mean　 condylar　incisor　angle　in　the　extraction
group　increased　significantly,　from　85.47±8.66°
extraction　group,　which　had　been　labially　in-
clined　by　94.21°,　were　lingually　inclined　by　1.32°
at　T2　and　further　lingually　inclined　to　89.78°at
T3,　a　good　result.　However,　in　the　nonextraction
group,　mandibular　central　incisors,　which　had
been　inclined　by　90.28°at　T1,　were　labially　in-
clined　by　96.06°at　T2　and　remained　so　at　T3.
Pandis　et　al.10，11)reported　that,　after　malocclu-
Sion　in　patients　with　an　irregularity　index　of　2
mm　 or　larger　was　treated　with.022　self-ligation
brackets(Damon2 or　Damon3)without　 extrac-
tion,　mandibular　anterior　teeth　were　inclined
labially.　Scott　et al.12)confirmed　such　labial　in-
cline　after　treatment　with　Damon3　 self-ligation
brackets.　Here,　although　the　mandibular　cen-
tral　incisor　bracket　had　a　built-in　torque　of-6°
even　in　the　MBT　 setup,　the　mandibular　central
incisors　were　labially　inclined　at　T2　in　the　non-
extraction　group,　consistent　with　those　studies
Although　there　were　intergroup　differences　re-
garding　movement　 of　maxillary　and　mandibular
anterior　teeth,　U1-L1　 to　FH,　an　incisal　guide
angle　similar　to　the　anterior　guidance　angle
that　affects　mandibular　movement2～5，13),　exhib-
ited　no　significant　difference　between　T1　and　T3
in　either　group.
　　The　 occlusion　function　may　 contribute　to
mandibular　 anterior　tooth　crowding14),　and
should　be　examined　in　terms　of　anterior　guid-
ance.　At　T2,　mean　U1-L1　 to　FH　 plane　value　in
the　nonextraction　group　was　40.73°,　significant-
ly　smaller　than　43.16°in　the　extraction　group
(P<.05).Costa　et　al.15)reported　that,　based　on
measurement　 of　163　Caucasian　skulls　using
cone-beam　computed　tomography(CBOT),　 the
mean　 anterior　guidance　angle　was　 48.16°for
both　the　right　and　left　central　incisors.　In　this
study,　the　angle　ranged　from　43-46°in　the　ex-
traction　group　and　40-43°　in　the　nonextraction
group.　In　both　groups,　the　angle　was　around
43°,and　it　was　assumed　 that　this　angle　was
maintained　by　treatment　with　a　preadjusted
were　lingually　inclined　by　an　average　of　12.30°
and　moved　 posteriorly　by　an　average　of　5.40
mm.　Although　it　is　not　clear　whether　torque　to
the　maxillary　central　incisors　was　17°or　22°,
mean　 arch-length　discrepancy　of　the　maxillary
central　incisors　in　 that　report　was　 mild
(2.55±1.08mm).　 Thus,　closure　of　extraction
space　by　sliding　might　have　been　significant,
and　the　torque　to　the　maxillary　central　incisors
might　have　been　lost.　We　 also　observed　that
maxillary　central　incisors　were　lingually　in-
clined,　and　concluded　that　torque　to　maxillary
central　incisors　should　be　larger　than　17°in
similar　cases.
　　In　the　nonextraction　group,　U1-APO　 plane
values　revealed　that　maxillary　central　incisors
moved　anteriorly　at　T2　and　then　moved　slightly
anteriorly　at　T3.　However,　inclination　of　maxil-
lary　central　incisors　remained　constant　between
T1　and　T3.　Thus,　the　torque　of　17°built　into　the
maxillary　central　incisor　brackets　was　effective.
Miyake　et　al.6),　also　discussed　above,　reported
that　although　no　change　in　inclination　of　the
axes　of　maxillary　and　mandibular　central　inci-
sors　was　 observed　in　either　group,　maxillary
central　incisors　moved　 1.31　mm　 posteriorly　in
the　extraction　group　and　1.43　mm　 anteriorly　in
the　nonextraction　group.　Because　the　U1-FH
plane　value　before　treatment　in　the　extraction
group　in　Miyake　 et al.6)(111.77°)was　smaller
than　our　value(116.19°),　their　results　might　in-
dicate　a　situation　in　which　the　axes　of　maxillary
central　incisors　were　 inclined　lingually　and
moved　posteriorly　after　treatment.
　　Based　on　the　L1-APO　 values,　the　mandibular
central　incisors　moved　 1.48　mm　 posteriorly　at
T2　and　1.84　mm　 posteriorly　at　T3　in　the　extrac-
tion　group.　In　the　nonextraction　group,　the
mandibular　central　incisors　moved　 1.88　mm
anteriorly　at　T2,　and　their　positions　were　main-
tained　at　T3.　Based　 on　the　L1-mandibular
plane　values,　mandibular　central　incisors　in　the
the　Bolton　standard;there　were　no　significant
intergroup　differences.　Endo　et　al.19),　who　exam-
fined　tooth-size　ratios　from　male　and　female
Japanese　orthodontic　patients,　stated　that　ante-
rior　and　overall　ratios　were　78.39±2.18%and
91.60±2.11%,respectively,　and　that　there　was　a
significant　difference　between　anterior　ratio　and
the　Bolton　standard.　In　 our　 nonextraction
group,　anterior　atio　was　almost　identical　to　the
Bolton　standard.　Thus,　labial　inclination　of
mandibular　anterior　teeth　was　not　caused　by
size　disagreement　between　maxillary　and　man-
dibular　teeth,　but　possibly　instead　by　irregular-
ity　index(3.10　mm).
　　Edman　 Tynelius　et al.20)compared　changes　in
retention　capacity　after　1　year　among　 three　re-
tention　methods:vacuum-formed　 retainer,
stripping　of　mandibular　anterior　teeth,　and　po-
sitioner.　Small　but　significant　differences　were
observed　between　the　retainer　and　 stripping
groups　regarding　mandibular　 canine　width,
mandibular　arch　length,　and　overbite.　Thus,
stripping　of　mandibular　anterior　teeth　may　fa-
vorably　affect　their　positions　during　retention,
increase　available　arch　length,　and　 prevent
mandibular　central　incisors　from　becoming　in-
clined　labially.
　　Depending　 on　 extraction　status,　different
strategic　treatments　are　required　for　treatment
of　Class　I　crowding　using　a　preadjusted　appli-
ante.　Our　results　demonstrate　that　maxillary
central　incisors　were　lingually　inclined　at　T2　in
the　extraction　group.　Thus,　in　extraction　treat-
ment,　improvement　in　the　inclination　of　maxil-
lary　central　incisors　and　better　occlusion　be-
tween　maxillary　and　mandibular　anterior　teeth
can　be　achieved　using　brackets　with　a　torque　of
+22°,5°greater　than　the　torque　of+17°of　the
bracket　prescription21)for　the maxillary　central
incisors　we　used.
　　Meanwhile,　in　nonextraction　treatment,　the
appropriate　prescriptions　for　maxillary　and
appliance.　This　supports　the　view　of　McHorris2～4)
that　the　anterior　guidance　angle　is　maintained
constant　by　functional　requirements.　Although
the　absence　of　changes　caused　by　treatment
implies　that　occlusion　movement　 functioned
well　in　both　groups,　the　anterior　guidance　angle
was　 smaller　than　that　reported　by　McHorris
(47°).
　　Regarding　changes　in　condylar　incisal　angle,
the　values　in　the　extraction　group　were　89.29°at
T2　and　90.85°at　T3.　These　angles　are　close　to
90°,at　which　function　is　regarded　to　be　most
stable3).　On the　other　hand,　in　the　nonextraction
group,　this　angle　changed　from　90.10°at　T1　to
86.48°at　T2;thus,　mandibular　central　incisors
became　labially　inclined(P<.05).　Although　no
significant　difference　was　observed,　the　angle　at
T3　was　86.57°and　tended　to　approach　the　pre-
treatment　value.　Therefore,　because　mandibu-
lar　central　incisors　became　labially　inclined　af-
ter　treatment,　a　 compensatory　 mechanism
might　have　held　the　anterior　guidance　angle
constant　by　reducing　the　condylar　incisal　angle.
　　Fleming　et al.16)report　that　postoperative　oc-
clusal　conditions　varied　in　patients　receiving
nonextraction　treatment　of　Class　I　malocclu-
Sion.　Bernabe　et　al.17),　who examined　the　severity
of　crowding　and　mesiodistal　coronal　width,　re-
ported　greater　mesiodistal　coronal　width　in　pa-
tients　with　crowding.　Poosti　and　Jalali18)state
that　mesiodistal　coronal　width　is　the　primary
cause　of　crowding.
　　In　our　nonextraction　group,　the　arch-length
discrepancy　was-2.58　mm,　 and　the　irregularity
index　was　 3.10　mm.　 Thus,　in　nonextraction
treatment,　inadequate　available　arch　length　or
disagreement　in　size　ratio　between　maxillary
and　mandibular　teeth　might　have　caused　labial
inclination　of　the　mandibular　central　incisors
after　treatment.
　　Also　in　our　nonextraction　group,　the　anterior
ratio　was　77.67±3.61%,　close　to　77.2±1.65%,
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mandibular　central　incisors　are+17°and-6°,
respectively.　However,　stripping　the　mesiodistal
coronal　widths　of　mandibular　anterior　teeth
may　increase　available　arch　length　and　prevent
mandibular　central　incisors　from　being　inclined
labially.　Consequently,　mandibular　 anterior
teeth　can　be　stabilized　uring　retention.
　　Mandibular　 central　incisor　brackets　have
built-in　torque　of-6°.　However,　because　the
mandibular　central　incisors　were　revealed　to　be
inclined　labially,　stripping　may　 effectively　re-
solve　a　mild　irregularity　index.
CONCLUSION
　　Treatment　of　Class　I　crowding　using　a　pread-
justed　appliance　ensures　good　occlusion　after
the　retention　period.　However,　different　bracket
prescriptions　are　required　to　align　anterior
teeth　in　cases　of　first　premolar　extraction　or
nonextraction,　due　to　differences　in　anterior
tooth　movement　 that　depend　on　extraction　sta-
tus.
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